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(57) Abstract: A silicon wafer (1) is cleaned 
by acid treatmeni and heated to remove matters 
adhering to the surface. Plasma of nitrogen is 
supplied over the surface of the Si wafer (1) to 
form an AIN crystal layer (80) not lattice-matching 
Si crystals on the surface of the Si wafer (1) by 
the surfactant effect of the radical nitrogen.Thc 
lattice spacing of the AIN crystal layer (80) is 
substantially equal to the lattice constant f the 
AIN crystals. Therefore, there is no strain in the 
Al crystal layer (80) due to the difference of lanice 
constant between the Al crystal layer (80) and 
the Si wafer (1), unlike the case in which an AIN 
crystal layer (80) lattice-matches the Si wafer. 
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n-rv>)fevAo -rtjit^^. si02 i . 5 nmtiTic^m^b b fc^sr-T^^w 
mj: D^vM^ff^^-r-s s i 02 iiMni5v^Ttt> s iSgi h > ^ ^I'^^tA^mn 
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*fii^M^t#S C ASH Ll^o 

m 5 ^>D:Sci)^^3*5V^T^i^ ^g|ffi<*^mT-S> S P Z TM$:?f^fi6-r SmiC. CeO* 
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2 mmf3^mm.^ ti^ Mos h ^ >i^;^^^ji{3i5{ts>r— h«<sice3An^n 

© R3 IS & S o 
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s^^^-rsx^ (b) L^^uizm^MT^iiizji*). ^m\^(Diu m.n.m(Dm 

f b ^ * ± 13 1^ « <^ ± { - ^ ^ -^^ fi£ ^ ^ -B- S 75 ^ "C- ^ S o 
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±sB^#^*:^^f::*5v^T. ±iBAiNsiz. mm, ^m, m.n(D^-^{i>tji< t 

V^■rniP 1 -BrT. ± IB A 1 N ® (*I S ± IB ^ ® 
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EI7(i. SiiiiS^, S i O 2 |f«**:SI5A 1 N*S^©^^;u^-^^'> K '^^^ 

El 8 tt. IJS 8 ©^^Sff^^iCi5V^-Cffl^^feMB E^BO^fi^S^tBSfi^t-^^"^^® 
Ei 1 0 ti . m 8 © '^iteBS ic :fc -g) A 1 N 5: '€ ^ ^ /u fiXS e tz" S 

o 

Ell 1 (a) - (c) it. m6<omm.mmizi5i-f^Aiii^^Bm(o:^\^^^>' 
El 1 2 {i^ m scDmrnmrniz^i-f ^ s i sst a i ni^^^ i:c)«®<*^<^^»r 

® tc ^:^ S T E M * /fN r El T S o 

El 1 3 ii. m 8®3^]fitejf$^{wi5V>-C:cl^^=JrS>'^;i/gKft^nfc a 1 NSiS^a© 

ti ^ l:bli« -r -S A«) ® >'^' > K T- $> S o 

mmiZ7j<^ n%> X o iz. SiOa ©y^>H=^-\'"y:7"(ic#w-^li«^^<^^^ 
_ ^ CT) ^ , o ^ 0 ^ ± ^ ® ) Itf^ 9 e V X ^ ^ o ^LT. SiO. © 
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fSo ^fc. SiO. ©{K#^3g^Si CDi5^?{5SSi:Of/gC(i^ 3 . 2 e V©/n* 
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> I'^Mm.ifi^^T A 1 N©M-> 6 . 4eV-f^So 

> K^3ii^*5#«-r So A 1 N©<S3i^3gi: S i ©e^^SgiiCDP^tzJiJ^ 

2. 1 e v©M'> h'^^gj^As^ffirso •r^t)*,^ A 1 N ^ S i i:©r^^O>'^*> K 

TMi^ffl{±x S i O 2 S i tcDmcD^'i^ K^^i^ffiO 6 4 % (fiffi«iF^ffly) , 

6 6 % i^m^m) -c-$>So 

S i t(D^miZ:jfSi^ ^ S i®^>^^U>^:1^> KAS/^^cvNCiii^f,*?)^ S i 
® {C 43 {:)■ 5 # a {lt S to T <g V ^ o 

c i: As-c- ^ -5 c i: S ^ U T -2) o 

:iil^^:^i/^;i.£teft^-ti-S®ii^^T'^So A ^ © — «T- S "i? Ifi 

) ®{^*3^^T{ill^©^^fi^afiAS|BIl;T•feSo -r^*3t>. ^sa^ (i i i) ax- 

$>^S i»« (UT^ ( 1 1 1 ) S ±l;{i. S iS«±{cA;&^ 

©•i?;!/*;/ ISM (DA 1 N®A5 3il:r^:^S^-\.;i/ggg-r'5c ZCDZ tlt'if^^Ji *)^^tl 

-IS^S^MA 1 N«®?f$j5K- 
ZZX. mmmi^. ^ 1 {3. A 1 N!^^<*:A5 + ^?^V>J®^(Z{±. iffiAs ( 1 0 
0 ) ®T-$) 5 S i S« (WT^ ( 1 0 0 ) S i ^ ) ±{C. i;!^^©^^ 

S&a£M©i^^figB$:^t-S (10 0) A 1 Nmi^Bl&^n^ Z tlzm^Ltzo a 
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^<*:-e -S i^-^ C t) H i^at* W t- S o 

-7b\ A 1 N©ttif 9 fS) b . ^itfbtZct 0?fJJ5a^n/iS i 02 ©hbi^ 
Mi: LTW^^S c J: i^tiiSffi^fc D (D^gfii ^ ^ -fr ^ ^ 

T. Lei and T. D. Moustakas J. Appl . Phys. 71, 4934 (1992) *' . ^XV^Bl 
(DXm "A. Watanabe, T. Takeuchi, K. Hirosawa, H. Amano, K. Hiramatsu an 
d I. Akasaki. J. Crystal Growth, 128, 391, (1993)" iJ^$>^o 

-♦&^#N^^5^A 1 N®©Jf^fi£- 

%;ie>nso ■t^--7T^^> h^^iitt^ m^i^msco:i!im "B:^mm^^m 

Vol. 53(1998) p. 244-250" iz IE® ^ ixT V^ -5 J: ^ . T m^^M izH W tzV- - 
a. Ttte±{3a4^lCfiESt- SFrank-van der Merwe figS (F-Mfi£S) 
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b. Tife±{-^ 1 « B ^^t-fi£R1'^Volmep-WeberJ5£M (V-WfiKg) 
C:n{±> tr^J' figs r^i^M*^ fifes® *0^A^ e>TifeS®±tw 3 

c . T ife ± 13 I'l {± » « (3 fig ft U ^ ^ 4^ tC fiK S r S Stranski -Krastanovl^ :S 
( S - K feK M ) 

Ztilt. m.m(DWmizli. jilf^=^i^i';i/fiSi:^-rs^K*^Tife±{- 1 SSt-fife 
:^-r SA^. Sfl^/PSrMxfci: C 5 *^ e. 3 ^^:5t©fiK«*s$g^ ^^^t* ^ ^ » 

^}U^—^^ti^ficTs , cr, i: iSg # ® #{5® « t) <D 1^® ^ ;u ^ — 

^ a i.iiT ^ -«S6^{c{±. TIBK^^ (1) Xtt (2) 

<r s <crin+cye .fe^Kfife^S (1) 
cTb >ain+a*r ^^^fi£S (2) 

CD -5 t» V^ m *^ — 7^ AS fig u ^ X l^ o 

ClClT-s V--y T ^ ^ > hli. (1) A^gg t, i:^-^VA ^T«fei^^S-:i^ 

^^s^ -^^ )vmmimi^rmi^^mm.m(Dm'r-mn(DBm^i3iiiA.if^ii'-rizj:i 

•fT-feSo *»aio{i. Jcir^:^>>-v;i/fig:^ei:Tl&i^^«ii®ffiSftfflA5:^^ 

< . aiir^^i^-V';i/figgjgASTtfe*g^M*®©fe^t3M^bTfiKS-rs®^t:-fe 
So cio^'&izti. Jll^^^>'-\';l/®®^:^(conTM^^As^a^ns©T•^ ^ 

S i^ff (3 J&: h . S t»cfigS (3 ^{b -r S C {3 S o 

S i Ste±C^ t ^ > h UT A u -it S d i: ti 
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^nt:v>i,o ^tz. m9(D:icm "mi^^m voi.29 no.6 (1994) p. 559-564" tz 

It. S i /G e / S i CD^T^ o ^ ^ V -^^ ;H5£^{I*5V^-C. Sh^-\)^—yr^ 

^ > h h L T ffl s d J: $ nr s o 

dCT-. S i A 1 NS^Srfig^^-y-^i^t-s A 1 N®® 

i: ^ UliE L 3t o ^ U T ^ on S: Wffl L T > ^ T ^ ^iffif^SIC BE® 5 «t ^ 13 . 

1 (ommmm- 

^^^B^com 1 (Dmmmmizii\.^xiis ^i^^^^^ (mbe) ^mt:^^ 

1 (a) ~ (d) it. m 1 <Dnmmmiz:f5i-f %> A ii^m(Dm^^m^frs-rmmm 
T- * s o 

1^1 (a) {Z^s-rx^i{w:fel^T. ^^$:fti!ir S i SIfe 1 ©iJfe 

i^^nta-otz'^. S iSttil S^^bTK^ (HF) •^^'fbT>^-'>A (NH. F 

{Z^IA-rSo ZCDm. S iS^iaSJiTK^ (H) Z^-^^^S^® S i Oa 7'^;b7 
T >^^T-|Stffi^nT^^So S iS-tS KD^mit (1 0 0) ffiT-$)^Ci:*^M^t 

tA)!)^ (1 1 1) m'^i^oM^fDm. ^^\>ut^ti^^^SL^^y ^"^fzmx^-o 

Xi>Xi^o MBE^Bf*J{I4^l^T{i> 1 0 0-4 0 O'C^^Ea^-eS i 1 ^ 

^O'^, ^ e> {Z S i l$:WigUT8 0 0- 9 0 0 'CcD^mcDUmiZ^nT 
1,0 CCDB^. s iS-K 1 ©^S^^S^bTl^/^:HI^^-^^^^S i 02 

T^Mifins^mL. mi ( a ) {3:T^Tc:^ < > ^^*> H 2 *sj:i$nso 
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^LTs SI 1 (d) (Z^-rxfllZiJVN-r > MB EfigS^C .t ») s Ain^e^ 

zz-a. mi (a) i^^mi (d) izmn-r^mmiz:is\^x. si&^itA 
±m<D^ viz. A 1 Nf^mm 7 cd ( i o o ) m^^v < i i i ) ®{ci^^^•r a 

^Mizmtl^ o Ltcifi-oX. mi (b) IZtt^T X -D iZ. AlN*g^M7rt(C. S 
iS-K 1 (Dm.m(OS i m^ t A 1 mi^ 3 ^:^{^sS^^{3ig^L■rv^SW®^^5 aA^ 
^$fiE^n-S®-&i:^ mi (c) ic^-r<i:a{z. Al Ni^gJi 7 f^itz. s i 1 

^1 (b) iZTTst^mtm (b) tC ^ i: O ^ *> V^ fni)S#6 

^■rs>tPli^ MB E^:^^3i;^^T A lll^a?f^fi£ffli^*4?S:5ttc:#t|&-r2>*^. N/^ 

A 1 Ni^^« 7 ®ittl4{i> A 1 Nf^^m 7 Ifim 1 (b) tc ^ ri^lS 5 a 

wrsj^^^Ei (c) 5 b ^fewf < ^iBT-ji^c v^ 

tzis.L. s isiix 1 p s^^sfeifei: L-cmmr^A imi'ifimxT ^ z tti 

h VAX. So 

^ 2 CDHJEff^^CiJVATtts ir ^ (MB E ) ^S^^ofc^Q-?*! 

jitr^:^i>^{ZctSS*6^5&: A 1 Nl!i©B£!£?&iS®SiJ«?'Jl3 0 V>-CUiH^-r So 0 2 
(a) - (g) {ix 2ji:^JgB^{zi;{j- S A 1 N0C)Bfiex^*^-r»f ®E|-r S) S 

o 
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iS« 1 ©l5fe?^&fT5&:ofc^. S immi ^^itT^m (HF) ^mitT y^-^ 
A (NH4 F) S^tfT^lI^tfl TKiJfe, ^i^VXif^<^m-^izmm^&(Dtzlsb(D 

MB E^grttc^AfSo c©^. s is^^®{i7k^ (H) m^'pmmcos i 
0 2 7'^;i/7 T ^m-^^m^fixi^^o s i s« i<Di®{i(ioo)®T-fe?> 

tii^m^ Li^lfis (1 1 1 ) ffi-^fl&®^^*:05B> S ^^ fi-^ n e> ^ ^ 

S i S« l^^U-r^ZtizX^. Si S« 1 ©msic^s*^-?'®©*'^ 

C CI T- ^ ^.1 ® nmmB :fo V^ -C {i > ^ 0^ X 5 t> iw S i 1 2: If S b T 8 
0 0 - 9 0 0 'C(Dm,m(D^m.iZ^nT^ Z tiZ^ D^ S iS«©±C^>^'J > 

s i s« 1 cD^Bicijj^jgM^^s^ bt:^o±(3 A 1 N^mm^M^r 

0 2 ( a ) C^>-r .t ^ 13. Si &m 1 CDmffl*^7K^/l^ 1 OlzJ:-^TMt)nT 
S i Ste 1 o^dB*^ s i O 2 7 T ;^^-^fl&<75fl:!^«-^^Jiii3 J: o 

Ta^^n-c^^si©^{c{i. s i 1 ^ c 8 0 0 - 9 0 0 -cciiBiffioisst- 
^i^-rso ZCDI^. ^S^IftS LT l^feffe©^b^^«■?'^^> S i O 2 T ^ ;i/ 7 T ;^ 

®*s s i s« 1 ^fljiisflit- -rsj:. m2 (b) (z^>-rj;^{3. siS 

«i 1 ©*®±{c^^>^u K 2*5a^nso ^zx. m2 (c) {c^xi-«t 

^ tz. mi^mit^m i i & s i mm i±£D^>^u>y^:>H2 izm^r^o 
^©jgm. 0 2 ( d ) {z^>-r ct d tc. z(D<t^m 1 1 1 2 ti^xn 

LX. y > ^ U >^^> K 2 ^i^iffi^-y-So ZL® #cffl^^5«^^gffl^b^f:a 1 1 
tLXli. tK^ (H) , Mg. mn (S) , (N) , T)V^-^l^ (Al) 
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■5 o 

^UT. m2 (g) ic^-rxs{zi>v>T. Ai Nf^mmi ifim^^ti^o 
T'. m2 (d) **^iii2 (g) izi^nt ^mmiz^i^x. ^ i ®^^gB^^3^3v^ 

. S i ffilfe 1 tD^®±cDij!$5gll^ 1 2 ©amC J: oTx eriSl- A 1 3 

^ b-r. A 1 Ni^-^« 7 (D (10 0) ®i5 J:t5 (1 1 1 ) ®{w*5V^T{i. ^^ f 
3KnSo Lfe*^oT> m2 (e) (Z^fctail^ A 1 N Ji 7 F«3 {C > S i 

m^ti^m^t. m2 (f) ^z^^rJ:ac. a i n*s^« 7 f*31z. sia^i® 

%m'^iiifi$>^o AlNmmmi (Di^^it. AlN^^a®7*s02 (e) iZmT 

^mmm5 &^^-r ^m^tm2 (f) {z^-ri^H^Jits b 3&;&-rs^^^-r-^ 
i;^^*s«A-r -s d b < ^cv^cD-e. 02 (f) d^^f ^ 

*IIMfF^^CD*ifeCct 5 i:> 02 (d) (c:u^-rxeiz*5i>-t:. SiSt&l®^ 
DBi{c*;{:^S^'>^U>^^7^t>K^i^i^3gJg^^l 2{zJ:oT«8^Jg^HtT*^^. AIN 

* /i. :4s:|IS6?T^^t3 45 0T l±x A 1 N^mM 5 t S i S«i 1 h<Dmiz. 
-? 1 2 3!pe>5&:S 1 Jl^«*s^4£ L;t^^i:^S©T'> ^SgJl^ 1 2 ^femfigrs^b 

^-m^mnmrn-r ^ ziiizx^x. aiw\^<ds i s« i ^©^A^<t 
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m 3 (Dmmmmiz^i^xii. m^ituF i s f e T^&h'i: Lxmrnr^ sm^ 
^ L <it4mi'mmw^^mh ^ >i^^^(o^- h^mmtLx. AiN^raS 

ms (a) - (c) ti. ^ 3 CD|IJ£ff^^C:fe(:t^ A 1 NJBiSV^S<^^^®«^ 

^1-. ms (a) , (b) {c^-rx^it3*;^^-t{i> ±.m(Dmixitm2(Dmm 
^<Dm. mz (c) lz^rx®i5v^-t. A 1 n*Sb^s 7 ©±{c. 

'ptji< }ii>^(Dttmmm ( £ r ) *sifigE^<bO S i O 2 mcDht^S^ 3 . 9 ^3 
{z-y — h«@ffl^'J vU^>1^9 ^J^fi£t"So 

1 1 1) s iSfe±-r-{±A;^^B (-i/ju^^/asM^iig) <o (o 0 0 i) s^^s im^ 
© (1 1 1) mum-^r^cDx. 7\:^mm^i^^^-r^mmi^um^mi^^i^^t^ 
$f ^ u^^o ^ fc. ( 1 0 0 ) s i s4s±T-{±s::^B^B imm$&mmm) ® ( 1 0 0 
) ffl*ss is-fe© (10 0) mtm-^-r ^(DX. s:75^«ijiS:^-r s^«<*«-*4 

iz. mmi^mm8^m^t^mmi^um(Dmiii.xit. m^i^s i tcD^i^T-m 

-^mi^-O, 3 7 %T-S)i> C e O 2 S i J: - 5 . 4%t:-$> 

:& Z r O 2 . feSV^{±-€tle)©^Sa^c^f ^^^^o 

Ifim<*:^flll8 ^mfig-rSil«<*:Mf4h LT. ^ « A 1 N t ©*Sd^T^ 5^ 

^^;5,s_4. 5%-t:-$)?)MgO>5:i:'^£fflV^t:*)«ti'^o 
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tmmi^^ms t^m'^tzmmii^±i^(Dttmmm er &si02 m<Di:tmmm(D 

>^/^•U'i7i. (BaTiOs ) , PZT (PbZr03 -PbTiOa ) , PL 
ZT (Pb, La, Zr.Ti ^^tsmibm) ^ if So ^^t4© 
^I5^^A 1 Ni^^e 7 CD±{Z ^^m<*:MJ^<£:?f^fiet-S d i: {3 J: o T . 

S^-r Sgim<t:^M 8 ©^S^ JS < f S C i^A^ T- A 1 

N)^^« 7 8 t*'^ ta ^mmi^±i^(D ktmm^ ( e r ) *):^ tile IS 

< «c -So 

^<Dm. ^V^i^|^^4S^t- 5 A 1 Ni^^® 7 ti. Sl « ^ *s a 1 N J: t) V> X 

:7T«i:L■rSi02|^^£fflV^fci^-^^Cl:b'<Tx 1/2 U;lTC{£?^f S C As-f 
*fcx A 1 Ni^^® 7 ASj^VM^^i^^;^-^^ 3 ^^^^ AlNS^^»7®±{w 

i^{±i^^lb-r SCOT-, ct t) iilv>^m^-S^» S VNti J: S^^c^g^^S^ 
l^l^t* 1131 f S C ^ AS T- # * o 

-m4(Dmmmm- 
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m 4 ©||JS?fJ^l3i5V^t (ix MFMI SFET^i: LXUmr ^ 3 5^ ^ ^ L < 

4 (a) ~ (e) it. m 4 (om^BMizim ^ A I Nf^mm , m^^mm^^m 
^■r. m4 (a) . (b) {c^rxs(c*5^^-c{i^ ±i&(Dm i ^itm2 comm 

-s^ 1 (Dmmi^mmz i^m^r^o t^^n^^^r^m i <Dmm^um2 i 
j& -r -s u-n h L/ -c 0!j it c © s i 2 if *^ # ^ ^ n s » 

EI 4 (d) Ci^-rxmt:::^^^-?:^ m I (DmM^nm2 1 (D±izMmM 

i^mm 2 2 ^m^-r ^^nt u-r a. >^>'^• u-^^a (BaTiOa ) 

, PZT (PbZrOa - PbTiOa ) , PLZT (Pb, La, Zr, Ti 
»:IZ. 04 (e) {Z^-rxgtdifeVNT. JSB^utti?im<^i^lgl2 2 CD±{Z^ 2 

d cf. mi 2 1 ^^Tfm 2 ©^st^f^jm 2 3 ii. ^^{^mmi^ 

Mm2 2®±T{3lS{t^n-cv^s*^x ±:&x{iT7^©a t.^^■rn*--;^o^^3|g 

2 izgi»^n^cm?5^. mi «^)^mfj=^i^ 2 1 ^ ^ v^{±m 2 2 3 & 
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U < {i 4 Y y <0>f — K^i^l^^ LT. A 1 N^iS^^ 

0 05 (a) - (c) {i. ^ 5 6DllJS?f^^l343(:^ A 1 NMSt5#^^®©«» 

?#SfT^rfofc^. S iS-Kl ^^<b7k^ (HF) ^^itT>^^^2^ (NH4. F 
) &^tf^Sl3g«b. 7ki5t, f£^^ LT>tP^it*>tcMfb^, MB EfigftSfT^c^ 
46<D^Bf*lH#X-rSo C©^. S iSfe^Sti*^ (H) mi''^mm(DS i O 

2 T^;w7T:^«T-1^a$tiTi>So Si s« (10 0) ffl-r-fesc 

hi^Mtbv^A^. (1 1 1) ffl-^ffe©^^o®x &S^^{i^ne> SriSS^i-r^^-y- 
feBT^S^oT^ .fcv^o ^gF*){i*5v>-r{±. 10 0- 4 0 0 "c©i5ffl*-e s 

1 ^#S-r^ iitc J: . Si Sfe l ©^HIz^StK^-^JR***^ o 

^e>{3Si S« 1^^SLT800-900 "CO$EBB©?ai^{- ^i^-T 
So c:®!^. S iSfe 1 ©^B UTv^fcHM^■^^v^ S i O 2 T ^ ;u :7 T 

^LT. 05 (b) {C^rxigl3i5^^T. ^^^^-frfeNHa ;^ S V> N 2 
035f;^. $,;2,VN{i^i;*;>7St4^bLfcM^:*3^SS iS® 1 ±{3#t^&L. SiS 

1 ® Si^^YbbT^ Si3 N4 foMlb^^ib^^*^ ^ 

14® U n >S{bg 2 5 fi£ -r o ^<Dm^. - spjt^cS i S^^Sl^l^ 

- :t > 4Hs*f-r s c {3 x^xmm s i ^&M^b L-t^# ^nx v> So ^® 

b ^ -r S) s c: t b v> o 

^®^. 05 (c) {C^-rxfl{Zi3l^-r . MB Efi£:^^{3 «t 15 . m^i^(DAl 

Nmm2 e^mmr^o z<om. a i n^m 2 e ©rm^^ s u =3 >M{b« 2 
tjihfizx mm-r^(DX'ittii < s i 1 ^&M<b^-t^--cffjfi£ br v>s ^ ^ipe>. 
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o ^(Dtz^. «J :3 >^{b® 2 5 cD±{zffJfi)c^n5 A 1 N^M 2 6 S i Sfe 

/h^<5&:So ■T'&iiDT^x Al N^ig 2 6 t *J >mitm 2 5 i:®a®J^^^I^ 
|s ^ > hlfii^Mt LTffl v^ S d h <!: t)\ v^glm^ ^iSt^lT 

-me (Dmmmm- 

m 6 (Dmmmmizm^xit. a i nmj: s i ^«i:®*s^^^M^i::®Hr €> a 

S i S-teOiJfert ^tf o fe^^ SiS^«:^^b7k^ (HF) ■^^{bT>^- 
(NH4 F) <£:^tfr«C^« TKiJfe, L T e> itt t. (3 ^^figS® i^) 

©MB E^gf*i{z^A-r So ccdrf. s i mm^mitii^m (h) ii^-?><i^^®s 

i02 )iy T xmx^m^ tlXi^^o SiS^CD^Htt (10 0) fflT-$)S 

L^^A^ (1 1 1 ) ® -^fteo^i*:®® ^ s v^{±-e n ^> ^iSJt :t 7 ^ 

-^:Jt®■r•fe-^t:*)«tV^o MBE^g[*IC^5^^-CSi Slfeife^^-r S Z: i: tZ J: t) . 
S i S-^ 1 CD&®{Z^2)ZK^^ia«:y;^ ^li^^-r So -^^^^ ^?>CSiS*6$: 
#lgUTs S i a^te 1 CD*® LTV>7t:Hl^^-^^V^ S i O 2 T =E )l y T :i 

a^fljfcSi^-yrSo 

mwAz^\,\xmmLtzMBE^m.^z:fiK^x. mn, tk^, mnta \^ 

TAlNi^^S? (Xfi A 1 N jiim 2 6 ) P«3 tZ iiigge^ {Z 1" S o K^^SV>{i 
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©TC^O^inMtt K— >''?>hu^;i/T-*oT> l x i 0'*cm~^~l x i C'c 
m ■"^'cdSeHT- J: ^^o 

^ LTx !|${3±ifeBcD^ijiifei^*s 1 X 1 0 ''cm-'-l x 1 O'^cm-'CDlEfflTA 

1 N mizmuaT ^ z tiz^t) . Si mmtitm^^WLifin-f-ji^ ainsic^^d-s 
^fcV w±® A 1 N®cDM5^*^i^in-r s i &m(D±m^ i i 

0 0)®*^?>jtg{tTs Al N S 1*1 © M ^ li ^ ii- S C i:{Cct!5. AlN«CD^ 

«^ rpj± ^ -fr s c i: ^ qrtfeT- -5 o 

^mmmmiziB\,^xit. ±13^1, mz, ms, m 5 (Dnmmmiz7jk-r:^^x 

MJ&^titz A 11^ m ( A 1 N*Sa« 7 X{± A 1 N^M 2 6 ) (XtiAlNStflb 

®jiti!ii:©««M) *^?>5&:5^- hmmm^m-r ^^mi^mi^cD i^x^^^mw 

h ^ > ^ ^ © »f a 0 T- -5 o 
i^0(c^f J: ^ {3. s i s« 5 1 (D±\z\tm^^mmmm.mx&^ locos 

1^ 5 2 Asff^fifi^nx l^ So L-r . Si Stg SlcDLOCOSms 2tCJ;^rH 
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5 3 (SiSta©^ 'J 'J n >® 5 4 ei&V'i^ ^ ^ K ^ 4 5 b ^ 

^- vnm 5 4 i:^ ^- vmm 5 4 ©MfflyDfn±c?f^fi£^nfei^ >j =1 >m.it.mtf^ ^ 

tjii>mi^i^V- ^ K«i7;r->>l/5 5i;*s^{t^nTV>?.o S i S« 1 f*|l3*3l> 

^Mi^ ( t ^ , 'J > 3& i:* ) r* ^ ^ o 

<-r^z. hifi-C^ S®-r'> 'i;'- b fgj^J^tc {t ^ =^r -^^ V Tcomm h 
S t ;i ^ *^ ^ IS Jiifii^i* ^ « ^ ^ i: *^ t- ^ o 

^t4® s i m^±iziimm^coA i N«*5j^^^g^nsoT-, s iM^t(Dm- 

i; *s T- ^ -2) o 

±m^mmBmiz^\,^xit. ainm {AiN^^nmi ^hai Nnm 2 e ) 

<£MBEi£{Cct -fb^fifbJta (Chemical Vaporization Depositi 

on: CVD) W^^jg^iefie:^ (Metal Organic Vapor Phase Epitaxy: MO 
VPE) ^> M-r K^^' H^fflfiem (Hydride Vapor Phase Epitaxy: HVPE) 
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T* ^ S o 

LTffll^fc*^ AlN/i^MI S=^^>'-?>'^X{iMI M ^ -''^ v' ^ 
*fej^J3i i: L T ffl S d Rifie -C o 

^ ^ {3. Si Ste;^i{tT-^ < G a A s a^S± (3 VMg^i* f S A 1 NS?& 
figs ^ -fr S C i: *^ pThET 5 o 

{3 -O ^^ T ^HjJ -r -5 o 

EIT-$»€)o |5l^C^-r J:^ {C. MBE^He Otts »^^^6 1 *^^II6 
1 t^$K^4/c^C*ti^-rsfe«{)©*^7lf>r 6 2 i:. *^^i§6 1 ©-gpic^ |5 
ft{t^nfc:r^Xv<b-b;i/6 4;&t5K--lr;u6 5 ii. n-? ti r ^ X v <b -b ;w 6 

6 6, 6 7 i:<&^l|^i;i-CV^So ±l3 7*^Xv<b-b;i/6 5{±^ M^^Sr^Xv^bLT 

3&i) ^ 6 1 f*i{3jtem-r 'S<t ^ tc^fig^nxij ±ibk- 

6 5 {i, A in^^^K^^Se 1 f*l(wStitJ-r -& J: a cafiK^nTl^So u 
CCD MB E 6 0 {i. A^^ii 6 3 |*l tc iSH ^ ti feSJiDX^f S 6 
3 ©±{c. r X^<b-b;i' 6 4, K--fe;u6 5 (^7^ — *^?>ifea^ 
nfe^y*;^^^^Al^iT-^:^l«To3:5S(cfi£:^^-B■^c:i:^c.tD^ ain 
SiS^M ^ ^ tr ^5^ ^ -^^ ;heSS ^ -fr S J: a fSfiE ^ n-C v^ i> o 

09{±> ±fBX^Xvfb-fe;i/ 6 4 CDtifi£<£r^f B^®0T-*So |BliaiC^T«t5 
(C. ^-^Xv^b-fe;!/ 6 4 {i, MM&«J{3-lr;i.$:fi^^-r-SfcftO'i7--X 7 0 -^r - 
X 7 0 F*!j {C IH B ^ tv P B N(Pyrolytic Boron Nitride) ;i' 'V ^ 7 1 i: . P B N 
;^^y:^^7l(Di^Bl{z##^^^{te>nfe3J'f;^7 2i:$:^i^x.T^^Sc ^LTx PBN 
;i'\y#7 1 ©^iSatcfi^ >:^:*7;i/{b LfcM5J5«7>#tj|Ac^j;^^©gap;i^gg{-j- A,n. PB 
N;i/ 7 1 ©^gjStCttN 2 :t7 X ;&^*&r S fe«)0:t7 X#Am 7 3*s^□LT^^ 
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So ^^^Atf 7 3 Its }^}\^zri 4 ^^^L-rNz *-^«t$^^S ( > i:- ) 13 
fiEJ^^ntv^ -So :!!7:^^AW 7 3 lc{i> N2 ;^ ® gStMSiJ® © fc ii.® v :^ 

" C<DMB E^fi 6 0 {i\ P BN;1/»;/^ 7 1 O K 13 # ^ t:^ ^ n :=i Jl^ 7 2 

^c?.'5^.'3^«^tti;^^ ^9i*n-r-5 c atci: t) X p b n;^':/?}^ 7 i rttc^x^ntN 2 

„ Jtcib*. K--b;i/ 6 5 {3iJ^^T{i. A l unifitQf^^ ti ^ :iinz x t) ^ M^bUfc 

A 1 ji^ASMm^n-So 

gf| 1 oti. A 1 NiSiS^S^^t^^ ^i^■^'>'^fi2:^^■«■SI^® . X x'{b-b;i' 6 

4 v5 -r ^ 6 6 t;? K - 6 5 oj ^ ^ — 6 7 ©19 Bfl © ^ ^ > ^ ^ 
-rHIT-fe-So ^-Ts ^ 1 t::7*^Xv{b-t;i' 6 4 ©S^i' ^-6 6 

^mi^x^ i^ti )i'mm^m.tii{.. ^©^. ^^^>yt 2-c-K--t;i/65©i/^ 

iJ' - 6 7 >£:Pav^T A 1 ll^F ^>Kai "T S o dCT*. ^'f^^ytli:^'^^^^^ 
t2i:©»?fPta^AttiiSs^3inin-rS>t). 3 © 1^ A t © tc. ^i^ti)Vmmifi 

5 i S4&®*SoT. ^©^©♦S^l^^^^ct'i^-e©^ ^ ^'ei' ^-'I'fiSStwWt- 
^+j-—^ r ^ > h i: L-r^nE-r C So ^UT. ^©^tix v>-rn©i^ 

. SI5±(ZJ± NS i: A 1 S 1 ^ >' U ^' — f o^SESlwff^fiK^ ns AIN^^ 
^*5:iitf^=^ri^-\';i'fi£:^t--2)Ct(3^cSo^c^> v^-^^ — 6 6. 6 7©PIIB$: 

. ^n^nN®, A 1 1 -V'— -rojf^fiS^nsB^r^F^PiT'x ^sjc^i- 

5 C # So 

1 1 ( a ) - ( c ) a. :^|l5feffJ?i{C43{tS A 1 Ni^^®©:iit^^^5/-\';i/ 
CltfiJaS/T^-rla-C'^ So * -Tx El 1 1 (a) C^r J: ^ Si SIR 1 ^mMM 
2???BBm«l'T-j!jn«k LT . S i 1 ©±® ^ riftfb T S ^ . © ^® ^ > -5^ 
'J > y:t^> K 2 7b5Jf^J5£^nSo C © ^ t ^ S i StS 1 © (i. Si©^^-\'^ 

> K«5ig© (111) m(omiiLm<Dmm^^&. ""ij ii-r^t. 7x7©;^^^ 

©f.^J«n*8ig (7x7 S^fig^B) LTV^So 
eXJw. mi 1 (b) (c^1-J:^{^x^r. r-7X^<b-b;b 6 4 ©i^-^ ^- 6 
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6 zhizx^ . Si mm 1 <D^m±iz.^ i^tDimm (n) t^m^^n. s 

i mm 1 ®^®±{cNS*5JTJfi£^nSo K--b;i/64®>'^-;/^-67 

i:. mmw>m\(DZh<. s is^i® s i#^5g^s©«±si5ti?f^fi£^ns^> 
-CD A 1 ^*sjf^fig^nSo 

^CD^. 0 11 ( c) tc^1-J:o{c. 3^S(CN® i:A ^ y ^^^- 

f oBfig^n-C A 1 Nigs« 8 0 m^^-^n^tK A 1 N^^« 8 0 ©ts^ 

01 2{i. :*:^ffiB^l3:fe(ti>S i »^ A 1 N ^Sb-b^ i: ©«»<^®»£»f ® tC 
:te^tSTEM^:£^^1-|21'Cfe■&o [si 0 H T J; ^ {3 . S i S« A 1 N ^ ^ 
^D%|^gP(C:feV^■r. S i S-K O 4 ♦S^ b T A 1 N © 5 IS^ b T *5 

^ df ^> ^ U "Ct^ 2) ^ ^ *^ *3 ^ o 

0 1 3li. ;*:^J6B^{3i5l^t::nl^^:^ri>^;^^*^nfcA 1 N*S^S<^«^ 

^llI#f^^^^■r0-c-feSo l^0^c^^r<t^^c. a i n^b-^w© (o o o i ) 
^_^i^l^e,n-cv>So (ill)®$:^®^t-ss iS^®±^::^ 

( 0 0 0 1 ) ffl:&^iSi:t-i.^$f A 1 N^B-H^*5^#e»i^■?:v^5 

d i:*5t>*^So U*-*). Tti&(DS (111) BSiiAlN^B^S© (0 0 

0 1 ) rnhit. ^^zmmm-c^Kf . ^^^B^±m^^±nn^^zn-(om■^^^o z 

-cmmvtaifi^. T«b©Si S« i: ©^ffi 13 :fc v> T S i (D^^*&^ i: tt^N^^'^ 
»3 gB©**©*SB-B«li^C{5(S-Sl^^±^c^B-B^S^^fiElc:iiir>5^:^i.i';i'fi£ 

:g t * O ^ X. S o - 
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. > h?^msfjffl i^fe?s{t-r-{is je:>-r u * :*^^M^f$s® J: ^ 

o l> "C iw"f S o 

c ® J: ^ Jfe JKm^ # m -^VtmX' f ^ ^ /i/fiSm T 5 B^f^ 
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